We re-examine the relationship between central bank independence (CBI), proxied by the central bank governor's turnover rate and an indicator based on central bank laws in place, and inflation using a random coefficient model with the Hildreth-Houck estimator for more than 100 countries in the period 1980 to 2005. We conclude that there exists no general significant negative relation between our indicators of central bank independence and inflation. Central bank independence has a significant effect only in a minority of the countries in our sample.
Introduction
During the last two decades, many countries granted their monetary authorities greater independence. It is widely believed that central banks otherwise will give in to pressure from politicians who may be motivated by short-run electoral considerations (Kirchgässner 1983 (Kirchgässner , 1991 or may value short-run economic expansions highly while discounting the longer-run inflationary consequences of expansionary policies (Walsh 2005) . If the ability of politicians to distort monetary policy results in excessive inflation, countries with an independent central bank should experience lower rates of inflation. Indeed, an important line of empirical research focusing on the relationship between central bank independence (CBI) and inflation, suggests that average inflation is negatively related to measures of CBI (see Cukierman 2008 and Meade and Crowe 2007 for summaries) .
To examine whether there is any relationship between CBI and inflation, one needs an indicator of the extent to which the monetary authorities are independent from politicians. Most empirical studies use either an indicator based on central bank laws in place, or the socalled turnover rate (TOR) of central bank governors. Legal measures of CBI may not reflect the true relationship between the central bank and the government. Especially in countries where the rule of law is less strongly embedded in the political culture, there can be wide gaps between the formal, legal institutional arrangements and their practical impact (Walsh 2005) . This is particularly likely to be the case in many developing economies. Cukierman et al. (1992) argues that the actual average term in office of the central bank governor may therefore be a better proxy for CBI for these countries than measures based on central bank laws. The turnover rate (TOR) of central bank governors is based on the presumption that, at least above some threshold, higher turnover of central bank governors indicates a lower level of independence.
1
In a recent meta-regression analysis of 57 empirical studies we conclude that legal CBI measures have a negative relationship with inflation in OECD countries, especially during the 1980s. Furthermore, studies based on the TOR suggest a positive relationship between this indicator of CBI and inflation in developing countries (see Klomp and De Haan 2010) .
Many recent studies on the relationship between CBI and inflation are based on pooled data. However, Pesaran et al. (1999) argue that a pooled estimation procedure for (dynamic) panel models can produce inconsistent and misleading estimates of the long-run coefficients. The aim of this paper is to examine to what extent heterogeneity influences the relation between CBI and inflation using a panel model with some widely used controls included for the period 1980-2005. For this purpose, we use a random coefficient model with the Hildreth-Houck estimator as suggested by Bryk and Raudenbusch (1992) and the data of Dreher et al. (2008) . This dataset comprises information on the TOR for a large number of countries over the period 1970 to 2005. Estimating a model similar to that of Campillo and Miron (1997) , we conclude that there exists no general significant relationship between the TOR and inflation.
2 This CBI indicator is only significant in less then 20 percent of the countries. Similar results are found when a legal CBI indicator as provided by Arnone et al. (2007) is used.
The remainder of this paper is structured as follows. The next section gives a description of the methodology and data used. Section 3 shows our results on the relationship between CBI and inflation. The final section discusses our results and concludes.
1 Still, this indicator is less than perfect, as it suffers from the limitation that central bank governors can hold office for quite some time simply by being subservient to political leaders. Furthermore, causality is difficult to evaluate; is inflation high because of political interference that leads to rapid turnover of central bank officials? Or are central bank officials tossed out because they can't keep inflation down (Walsh 2005) ? Indeed, Dreher et al. (2008) find evidence that high past inflation increases the likelihood that a central bank governor will be replaced. 2 Also some cross-sectional studies using quantile regressions (Koenker 2005) suggest that the impact of CBI on inflation is not identical across countries (see, for instance, Temple 1998 and Bouwman et al. 2005) .
Data and methodology
Most previous panel studies examining the relationship between central bank independence and inflation use some pooled estimator. However, there are some problems using a CBI indicator in panel estimations. First, legal CBI indicators are available only for some specific years, while it is not known what happens with the central bank law in place between those years. Most studies using panel estimators (e.g., Kilponen 1999; Franzese 1999; Dolmas et al. 2000; Jácome and Vázquez 2008) therefore estimate the relationship between inflation and CBI with a non-time-varying CBI indicator. Instead, we use a rolling average of the TOR over ten preceding years as our CBI indicator. So this indicator varies across time. As part of our sensitivity analysis we also use a legal CBI indicator as provided by Arnone et al. (2007) . This indicator is available only for two points in time. Using information on the timing of changes in the central bank law as provided by Acemoglu et al. (2008) , we are able to determine the value of the CBI indicator for the years in between these points.
Second, it is questionable whether a pooled estimator is the appropriate estimation technique in view of the possible heterogeneity in our large sample. To examine this issue in more detail, we use the (dynamic) random coefficient model with the Hildreth-Houck estimator suggested by Bryk and Raudenbusch (1992) to estimate the effect of CBI on inflation (cf. Han et al. 2002; Burney 1995 Burney , 1996 List and Gallet 1999; Garofalo and Yamarik 2002) . 3 In a random coefficient model (RCM), parameter heterogeneity is viewed as being due to stochastic variation. The RCM allows us to estimate the coefficient for each individual country. Using the parameter constancy test, we can examine whether the coefficients of our CBI indicator vary significantly across countries. If there is no heterogeneity, the estimated coefficients of the CBI indicator should be the same for all countries. In fact, this is what previous panel and cross-section studies on the relationship between CBI and inflation implicitly imposed. However, in the RCM both the random intercept and the slope parameters vary around common means. The random parameters can be considered outcomes of a common mean plus an error term, representing a deviation from the mean for each individual country. The random coefficient model starts from the assumption that the parameter differences across groups are caused by stochastic variation. In other words, the model can be specified as:
where
The parameters κ, υ, and ω have multivariate normal distributions with mean zero. In general, the model assumes no autocorrelation within the panels to avoid complicating the covariance matrix. However, to ensure that we get robust standard errors we use clustered standard errors. We have an unbalanced panel of more than 100 countries for the period 1980 to 2005. The countries included in our analysis are listed in Table 5 in the Appendix. The variable π is the modified inflation rate computed as p/(1 + p) where p is the price change. With price increases, the transformed inflation rate takes a value from 0 to 1. 4 X i,t is a vector of control variables. Our proxy for CBI is the turnover rate (TOR) of central bank governors. Various studies report that countries experiencing rapid turnover among their central bank governors also tend to experience high rates of inflation (see, for instance, Cukierman et al. 1992) . 5 We calculated the TOR using a rolling window of ten years. 6 The final term ε i is an error term. Table 5 in the Appendix shows the number of central bank governors between 1970 and 2005 for every individual country. In Fig. 1 we show the distribution of the TOR over time and across country groups. The general pattern is that since the 1980s the TOR declines in almost all country groups. However, there are still large differences between country groups. Countries in Latin America and Eastern Europe have the highest TORs. On average, the TOR has a value of 0.2, which means that once in every five years the central bank governor is replaced.
The control variables that we take into account come from the model of Campillo and Miron (1997) . 7 We include an indicator of openness, average GDP per capita, an exchange rate dummy, the average external debt-to-GDP ratio, and an indicator of political instability. Our indicator of openness is defined as sum of exports and imports in relation to GDP; data are taken from the World Bank's 2005 World Development Indicators CD-ROM. GDP per capita and the external debt-to-GDP ratio are also from the World Bank. Our proxy for political instability is measured by the first principal component of the number of assassinations, strikes, guerrilla warfare, major crises, riots, and revolutions in a particular country and year taken from the Databanks International (2005) Cross-National Time-Series Data Archive. The exchange rate regime dummy is one if there is a fixed exchange rate regime according to the de-facto classification of exchange rate regimes in Levy-Yeyati and Sturzenegger (2005) , and zero otherwise. The control variables are entered with a lag to control for the endogeneity problem. 8
Estimation results
Column (1) of Table 1 first shows the estimates of the traditional pooled regression without controlling for country and time effects. The results indicate a strong positive relation between the TOR and inflation. This finding is in line with the results of most previous studies. In column (2) we drop the debt variable, which increases the sample size about six times. The results for the TOR variable remain the same. This is also the case when we control for country and time effects, although the effect of CBI on inflation is somewhat smaller (columns 3 and 4).
The second part of Table 1 shows the estimates of the random coefficient model. The significance of the parameter constancy test indicates that jointly the coefficients are not homogeneous across countries and that the random coefficient model is the appropriate one to use. This is confirmed if we only perform a heterogeneity test on the coefficients of our CBI indicator, which is significant at the 5% level. The results for the CBI indicator change substantially as it is generally insignificant. This means that we do not find a general relation between the independence of the central bank and the level of inflation. However, a closer look at the individual country level results shown in Fig. 2 suggests that in some countries there is a significant relationship between CBI and inflation. Still, the number of countries in which the coefficient of the TOR is significant is limited: less then 20% of our sample. Most of these countries are developing countries. As a sensitivity test, we have re-estimated our model differentiating between countries that had an inflation rate above 50% and those that had an inflation rate below this threshold. In both samples, the CBI coefficient is generally insignificant (results available on request).
As a further test, we have used a legal CBI measure as provided by Arnone et al. (2007) instead of the TOR. Arnone et al. (2007) provide indicators for about 163 central banks based on the methodology proposed by Grilli et al. (1991) , which distinguishes between political autonomy (i.e., the ability of the central bank to select the objectives of monetary policy) and economic autonomy (i.e., the ability of the central bank to select its instruments). Unfortunately, this CBI indicator is available only for two points in time, namely 1989 and 2003. Using the information provided by Acemoglu et al. (2008) on the timing of central bank law reform, we assigned values to the legal CBI indicator for the years in between. To illustrate our approach: suppose that in country A the legal CBI indicator has a value of 0.5 in 1989 and 0.7 in 2003 according to the data of Arnone et al. 2007 and that according to the data of Acemoglu et al. (2008) the central bank law was changed in 2000. Our legal CBI measure for country A is then 0.5 until 2000 and 0.7 from 2000 onwards. Table 2 replicates the regressions of Table 1 using the legal CBI indicator instead of the TOR. The results confirm our earlier findings. In the pooled model-shown in columns (1) to (4)-we find a significant effect of CBI on inflation. However, when we use a heterogeneous model in columns (5) and (6), which is appropriate as indicated by the parameter constancy test, we do not find a general significant relation between CBI and inflation. Again, the distribution across countries as shown in Fig. 3 suggests that in some countries the coefficient of the CBI indicator is significant. In this case, the set of countries with a significant CBI coefficient comprises industrial as well as developing countries. To sum up our results, we find no general significant relation between inflation and CBI, although for some countries this relation turns out to be significant. As further robustness checks we have performed two more sensitivity analyses. First, we employ a bootstrap estimation. This method replicates the regressions 1,000 times by estimating them with various subsamples of countries. The bootstrap results for the CBI variables are in line with our previous findings. Columns (1) and (2) of Table 3 show the estimates of the bootstrap regression with, respectively, the TOR and the legal indicator. In both cases, the results are in line with our previous findings. Finally, we test for differences between developing and industrial countries. As noted, previous studies suggested that the legal indicator works best for industrial countries, while the TOR works best for developing countries (see Klomp and De Haan 2010 for further details). So, we replicated the last regression of Table 1 with developing countries only, while we replicated the last regression of Table 2 with OECD countries only. The results are in line with the total sample results (see the last columns in Table 3 ).
Conclusions
It is widely believed that central banks that are not independent will give in to pressure from politicians who may be motivated by short-run electoral considerations or may value shortrun economic expansions highly while discounting the longer-run inflationary consequences of expansionary policies. Consequently, inflation will be sub-optimally high. Indeed, most empirical research focusing on the relationship between central bank independence (CBI) and inflation suggests that average inflation is negatively related to measures of CBI. The aim of this paper is to estimate the extent to which heterogeneity influences the relation between CBI and inflation. We use a random coefficient model with the Hildreth-Houck estimator as suggested by Bryk and Raudenbusch (1992) for some 120 countries in the period 1980 to 2005. We conclude that a heterogeneous model is the appropriate model for estimating the relationship between CBI and inflation. Our evidence suggests that there exists no general significant negative relation between CBI and inflation. CBI has only a significant effect in less than 20% of the countries.
What are the implications of our analysis? We certainly would not conclude that CBI is totally irrelevant. Even though our results suggest that CBI may be less important than generally thought, they also suggest that in various countries CBI is related to inflation. In our view, the major research question for future research is therefore to determine under which circumstances CBI matters. In other words, what are the conditioning variables for CBI to have an impact on inflation? Table 2  Table 3  Pooling 
